Researchers from many countries studied the geometric sizes of seeds of different crops (Evchenko, 2016; Karaj and Muёller, 2010; Kovalyshyn et al., 2015; Müller et al., 2015; Niveditha et al., 2013) . Multiple scientific papers (Karimi et al., 2009; Milani et al., 2007; Sanchez-Mendoza et al., 2008; Sokolovskyi et al., 2012; Tabatabaeefar, 2003; Zewdu and Solomon, 2007) have dealt with the effect of relative moisture on the dimensions of seeds of different crops. Particularly, many authors (Gursoy and Guzel, 2010; Karimi, 2011; Mansouri et al., 2015; Mirzabe et al., 2013; Tabatabaeefar, 2003) examined the geometric sizes of seeds as random variables. As a result of the statistical processing of measurements of geometric sizes of winter wheat seeds, the laws of distribution of length, width and thickness of seeds of particular varieties were established (Sokolovskyi et al., 2012) . Two-dimensional Weibull distribution was used for description of the geometric sizes of raisins, assuming that individual geometric sizes are independent random variables (Karimi, 2011) . Obtaining two-dimensional distributions of geometric sizes of seeds is essential for ensuring the proper quality of separation processes (Kuzminskyi et al., 2014) .
The aim of the study is to establish the relationship between individual geometric sizes of seeds of cereal crops and to obtain mathematical models of their distribution based on the results of experimental studies.
Geometric dimensions of wheat seeds were determined by measuring the length (l), width (b) and thickness (h), as shown in Fig. 1 . The criterion of the sum of squared deviations (SSD) is used for comparison of results from the approximation of experimental data in terms of measurement of seed sizes by twodimensional distributions of their geometric sizes, both independent and dependent random variables. The criterion of fitting was calculated by means of the following formula: (7) where: i, j -sequence count of intervals of geometric sizes of seeds, as random variables k i , k j -number of intervals of individual geometric sizes of seeds m i, j , m Ti, j -number of data in individual intervals of geometric sizes of seeds, obtained respectively as the results from measurements and on the basis of the calculated results using the theoretical models in the form of twodimensional distributions of random variables
Fig. 1 Dimensions of wheat seed
Parameters of the distribution of geometric sizes of wheat seeds of the Smuglyanka variety are given in Table  1 . Geometric sizes of wheat seeds of the Smuglyanka variety are very similar to the sizes obtained by other Dimensions of 100 randomly selected wheat seeds of the Smuglyanka variety (relative moisture 14.4%), rye seeds of the Puhovchanka variety (relative moisture 13.4%) and barley seeds of the Pejas variety (relative moisture 12.7%) were measured using a microscope Sigeta Forward (Fig. 2) with magnification from 10 to 500 times. For instance, considering the length and width of the seed as independent normally distributed random variables, taking into account the type of differential function (1), the model of their two-dimensional distribution is obtained as follows:
Given the correlation coefficient r lb between the length l and width b of the seed, the two-dimensional normal distribution model will have the form: 
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researchers for seeds of other varieties of wheat (Evchenko, 2016; Gursoy and Guzel, 2010; Karimi et al., 2009; Tabatabaeefar, 2003) . On the basis of values of variation coefficient of individual geometric sizes of seed, a hypothesis about their normal distribution (Gaussian distribution) was proposed.
Differential functions of the normal distribution of length (l), width (b) and thickness (h) for wheat seeds of the Smuglyanka variety are as follows: (8) (9) (10) Fig. 3 shows histograms and density functions for the length (l), width (b) and thickness (h) of wheat seeds.
Parameters of the normal distribution of the geometric sizes (length, width and thickness) of the Puhovchanka variety rye seeds and of the Peyas variety barley seeds are given in Table 2 . Geometric sizes of the Peyas variety barley seeds are also very similar to the parameters obtained by other researchers for other varieties of barley seeds (Evchenko, 2016; Gursoy and Guzel, 2010) . Values of the correlation coefficients between the dimensions of seeds of the studied crops are given in Table 3 .
Since the values of the correlation coefficients between the individual dimensions of seeds are r >0.4, there is an indication of a steady correlation between these sizes. According to different data (Evchenko, 2016) , the highest correlation coefficient (r >0.55) was observed between the thickness and width of the wheat seeds, and the lowest correlation was observed between length and width of the wheat seeds (r <0.34).
Consequently, such a rigid correlation must be taken into account in the model of the two-dimensional normal distribution of seed sizes. Thus, the twodimensional normal distribution models of geometric dimensions of wheat seeds of the Smuglyanka variety are as follows: (11) (12) (13) Models of two-dimensional normal distribution of the Smuglyanka variety wheat seed geometric sizes as dependent random variables are presented in Fig. 4 . Values of SSD between experimental and theoretical frequency of occurrences, which has been calculated according to two-dimensional distributions of geometric sizes of the studied seeds, respectively, both independent and dependent random variables are given in Table 4 .
Obtained SSD values indicate that mathematical models of the geometric sizes of the studied cereal crops' seeds in the form of density functions of their two-dimensional normal distribution as dependent random variables provide a higher accuracy of approaching empirical data.
Conclusion
in order to take into account the considerable variability of the cereal crops' seed size, these sizes should be considered as random variables. Using two-dimensional distribution of geometric dimensions of seeds as random variables for calculation of separation processes will improve their quality. Values of the correlation coefficients between the individual geometric sizes of the studied crops' seeds indicate a stable correlation between them. Mathematical models of the studied cereal crops' seed geometric sizes as density functions of their normal distribution as dependent random variables provide a higher accuracy of approximation and, thus, the models can be recommended for utilization in the calculation and design of technological equipment for the processing and storage of grain. 
